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Frontispiece-The bison have gradually diminished in size since medial Pleistocene times, when they first migrated to the
Great Plains from Asia. The five skulls shown here are identified, from top to bottom, as follows: (1) Bison bison,
U.N.S.M. 30354, the modern bison; (2) 8. antiquus, U.N.S.M. 30325, from the very late Pleistocene or early Holocene
(approximately 10,000 years old}; (3) 8. antiquus barbouri, U.N.S.M. 30310, from the early Wisconsin (late Pleistocene}
age; above the Sangamon Soil complex (lived some 35,000-50,000 years ago}; (4) 8. alleni, U.N.S.M. 30356, from the
early lllinoian (medial Pleistocene}; and (5) 8. latifrons, U.N.S.M. 30326, the earliest migrant from Asia to the Midcontinent Region, from the Yarmouth or late Kansan (medial Pleistocene} period. (These specimens are exhibited in the
University of Nebraska State Museum.}
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ABSTRACT
Phyletic Trends in Certain
Lineages of Quaternary Mammals
C. Bertrand Schultz

Lloyd G. Tanner

Larry D. Martin

Evolutionary trends in certain carnivores, rodents, bovids, and proboscideans are examined.
Chronoclines are demonstrated for muskrats, beavers, mammoths, and bison. The PliocenePleistocene boundary and Quaternary climatic fluctuations are also discussed.
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lineages can be suggested for a wide variety
of additional mammals, including some which
can be projected back into the Pliocene. Reports on some fossil animals from the very Late
Pliocene have been published (Tanner, 1960,
1965, 1967; Kent, 1967; Schultz, Schultz, and
Martin, 1970). Other studies concerning the Kimballian fauna are presently in manuscript or in
press. Schultz, Schultz, and Martin (1971, p.
23-28) include a discussion of the Kimballian
and its included fauna which is of prime importance in extending lineages of Pleistocene
mammals back into the Pliocene.

INTRODUCTION

The University of Nebraska State Museum
contains a large stratigraphically controlled
collection of Pleistocene animals. This collection provides a unique opportunity for the study
of phyletic trends in certain lineages of mammals. Although a few phylogenetic lineages
have been proposed (Schultz and Frankforter,
1946; Hibbard, et al., 1965), this has not been
done for the vast majority of Pleistocene mammals. However, there is much more data available than this would seem to indicate, and
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Members of the University of Nebraska State
Museum and Department of Geology have continued a comprehensive research program to
determine the stratigraphic relationship of these
late Pliocene deposits to earlier Ash Hollow
deposits of the Great Plains. Schultz and Stout
(1961, p. 7-8 and Fig. 3) outline the upper and
lower boundaries of the Ogallala Group, and the
Kimball and Valentine formations as follows:
"The Ogallala includes from oldest to youngest
the Valentine, Ash Hollow, and Kimball, with the
Burge Sand at the top of the Valentine, the Cap
Rock at the base of the Ash Hollow (Johnson,
1936, 1938), the Sidney Gravel (Lugn, 1939) at
the base of the Kimball. The Ogallala valley-fills
represent the latest Tertiary aggradation of the
Central Great Plains, prior to the uplift and associated climatic changes that inaugurated the
Pleistocene (Schultz and Stout, 1945, 1948)."
183
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The Kimballian fauna occurs in deposits
younger than the fauna from the Ash Hollow.
Evolutionary evidence indicates that the Kimballia11 fauna is younger than the Saw Rock
Canyon Local Fauna, which came from sediments considered to be Middle Pliocene in age
(Frye, Leonard, and Swineford, 1965). Hibbard
(1949) described a beaver "Dipoides" wilsoni
from the Saw Rock Canyon Local Fauna. A
beaver very close to this species also occurs in
U.N.S.M. Coll. Loe. Ft-49 in Frontier County,
Nebraska, along with Dipoides cf. stirtoni. Hibbard's derivation of "Dipoides" wilsoni from
D. stirtoni is therefore in error and a new generic name probably should be proposed for the
lineage to which "Dipoides" wilsoni belongs.
The problem concerning the lineages of the
fossil beavers will be discussed in detail by T. M.
Stout in his forthcoming revision of the beavers
and aplodontids. This indicates that the Saw
Rock Canyon Local Fauna is no younger than
Kimballian and probably is late Hemphillian.
It certainly should not be included with the Rexroad Local Fauna in the Blancan. Extinction of
much of the Kimballian fauna, including Metrix,
mylagaulids, lndarctos, Barbourofelis, Amebelodon, Te/eoceros, Aphe/ops, Neohipparion, Cranioceros, Plioceros, and Yumaceros, is one of
the events which marks the end of the Pliocene
Epoch. None of the Kimballian species are presently known to occur in the Broadwater fauna
of Early Pleistocene Age and all of the Blancan
faunas with which we are familar seem to show
much closer relationship to Pleistocene faunas
than to those of the Pliocene. The differences
between faunas from the Blancan and those
from the Ogallala have not been adequately discussed. The differences not only include those
due to progressive evolution but also represent
a definite change in composition. It seems evident that this reflects a change in the environment, which contributed to the extinction of
many lineages of the larger animals at the close
of the Pliocene. The available evidence, however, indicates that it had a less profound effect
on the smaller forms of the fauna. It is interesting to note that the late Quaternary extinction
had a similar selective aspect. Forms found in

the Broadwater Local Fauna, including Procastoroides sweeti Barbour and Schultz, have also
been found associated with glacial deposits in
eastern Nebraska, thus suggesting that at least
this part of the Blancan Fauna is later than or
directly related to major Early Pleistocene
continental glaciation (Frankforter, 1959, pp.
22-24).
The Pleistocene is much more complicated
than was originally supposed. As is the case
with the last glacial stage (Wisconsinan) the
earlier glaciations of North America appear to
be a series of glacial advances separated by
glacial retreats of varying degrees of magnitude.
Until the number and relative importance of
these fluctuations are clearly established, any
effort to correlate climatic events in the Early
and Middle1 Pleistocene must be approached
with extreme caution. The evidence which is
being obtained in the studies of deep sea cores
in determining world-wide climatic fluctuations
undoubtedly will be of importance in interpreting
the continental Quaternary sediments. 5
Our usage of the Quaternary age terms is as
follows: Early Pleistocene means Early Nebraskan to Middle Kansan; Middle Pleistocene includes Late Kansan to Late lllinoian; Late Pleistocene designates Sangamon to Late Wisconsin; and Holocene refers to approximately the
past 10,000 years, which is often considered to
be the Recent.
Reed and Dreeszen (1965, p. 4) recognize
two glacial tills in the Nebraskan (the Elk Creek
and Iowa Point tills). They also include two in
the Kansan (the Nickerson and Cedar Bluffs
tills), and suggest that a third may be present
outside Nebraska. The Illinois State Geological
Survey (Frye, Willman, and Glass; 1965; p. 8;
Fig. 1-2) consider three separate tills to be in
the lllinoian (the Liman, Jacksonville, and Buffalo Hart tills).
A hypothetical model of glacial advances and
retreats during the Pleistocene, based on this
and other information, including the evidence
"The recent work of Jiri Kukla (1970, Correlations between loesses and deep sea sediments, GFF. Geologiska
Foreningen i Stockholm Forhandlingar 92 (2): 148-180,
figs. 1-10) is indeed encouraging.

-

GLACIAL

ADVANCES

GLACIAL

RETREATS -

~

HOLOCENE
PLEISTOCENE

....w

Wiscons i non

<(

J

{

-------------------...-?
80,000
SANGAMONIAN

--w

lllinoion

J

0
0

{
YARMOUTH IAN

~

Kansan

{ -

a:

<(

LATEST

=--=--_-_- ..:::::>
AFTONIAN

~

w

_--_:::-...=-=

Nebraskan

PLIOCENE

{

.-.-------

--------)
~

( Kl MBALLIAN)

Fig. 1-A hypothetical model of the sequence and relative magnitudes of glacial advances and retreats during the
Quaternary of North America. Dashed lines indicate glacial advances for which the evidence seems uncertain.
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Fig. 2- A, Muskrat lineage going from bottom to top: Pliopotamys meadensis, Early Pleistocene (from Martin, 1972);
0ndatra idahoensis, late Early Pleistocene (from Martin, 1972); 0. annnectens, early Middle Pleistocene (from Paulson,
1961); 0. nebrascensis, late Middle Pleistocene (from Martin, 1972). B, Microtus lineage going from bottom to top:
Cosomys primus, Early Pleistocene (from Hibbard, 1959); ?Mimomys monahani, late Early Pleistocene (from Martin, 1972);
Microtus paroperarius, early Middle Pleistocene (from Paulson, 1961); M. pennsy/vanicus, late Middle Pleistocene (from
Martin, 1969). All approximately x 5. C, Scatter diagram of length vs. width of M, fossil and recent muskrats.
• = Pliopotamys from the Broadwater Quarry, U.N.S.M. Coll. Loe. Mo-5, Early Pleistocene, Morrill County, Nebraska.
□
0ndatra annectens from the Cudahy Local Fauna (after Semkins 1966, Fig. 154), early Middle Pleistocene, Meade
County, Kansas.
0
0. nebrascensis from U.N.S.M. Coll. Loe. Sh-3, Mid :lie Pleistocene, Sheridan County, Nebraska.
+= 0. nebrascensis from U.N.S.M. Coll. Loe. Sh-1, S. of Hay Springs, Sheridan County, Nebraska.
b,. = 0. nebrascensis from U.N.S.M. Coll. Loe. Sh-5, Sheridan County, Nebraska.
X = 0. zibethicus cinnamominus from the Holocene of western Nebraska.

=
=
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from the terrace-fill sequence in western Nebraska, is presented in Fig. 1 in this paper. It
may be worthwhile to point out that the decreasing magnitude of the glacial advances may
not reflect decreasing severity of climate. In
fact, the faunal evidence suggests that the reverse may be true. It might rather reflect increasing aridity which corresponds with increasing
thicknesses of loess deposits in later sediments
in the Midwest. This would decrease the amount
of available moisture to feed the continental
glaciers and hence limit their size. Lozek (1965,
p. 76) concluded "that central-European loesses
universally originated under glacial conditions,
with long, severe winters and relatively warm,
dry summers. This climatic pattern is also
suggested by the mixture of cold-loving and
steppe elements in the faunal assemblages."
We feel that this might also adequately describe
the deposition of Wisconsinan loesses in the
Central Great Plains. It is interesting to note
that increasing aridity was also prevalent at the
close of the Pliocene (Frye, 1970, p. 12) (Schultz,
Schultz, and Martin, 1970, p. 26). The beginning
of the Blancan is also characterized by important faunal interchanges between Eurasia and
North America. Examples of this would be
Megantereon (saber-toothed cat) and Chasmporthetes (hyaena) migrating from Eurasia to
North America and Trigonictis (mustelid) and
Lynx {lynx) going from North America to Eurasia.
Among the striking faunal changes between
the Pliocene and the Pleistocene is the seemingly sudden increase in numbers of the microtine rodents. The remains of these small grasseating voles are comparatively rare from the
upper part of the Pliocene (Hemphillian and
Kimballian) but become the dominant rodents
in terms of both diversity and abundance in the
Lower Pleistocene (Blancan).
Progressive evolutionary trends in the microtines include lengthening of the Mi, and the
addition of more alternating triangles which
presumably increases the grinding efficiency.
Further progressive trends are the relative increase in hypsodonty, the development of high
dentine tracts, and the presence of cement on
the molars. These trends occur in almost all

/
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lineages of microtines and are especially evident in Microtus and 0ndatra (Martin, 1970). It
might be worth noting that these same trends of
increasing hypsodonty, increasing complexity,
and development of cement also characterize
the evolution of the teeth of the mammoths during the Pleistocene. The muskrat lineage leading from Pliopotamys meadensis to 0ndatra
idahoensis to 0. annectens to 0. nebrascensis
to 0. zibethecus (Fig. 2, A) seems to be well
established. However, Martin's (1970) lineage
leading from Cosomys to ?Mimomys monahani
to Microtus paroperious to M. pennsylvanicus
(Fig. 2, B) should, for the present, be considered
tentative until further evidence either confirms
or disproves the proposed lineage. The American ?Mimomys might rather be derived from
the genus 0gmodontomys which is closely related to Cosomys or might even be a migrant
from Eurasia. Whatever the case may be, Microtus seems to be polyphyletic and at least some
species evolved independently in North America.
The use of the recorded occurrences of the
muskrat from Pleistocene sediments shows considerable promise as a stratigraphic tool. The
Early Pleistocene form P/iopotamys meadensis
is about the size of the water rat, Neofiber. From
this small form there is a constant increase in
size throughout the Pleistocene (Fig. 2). This
evidence was also well demonstrated by Semkin
(1966, Fig. 4) although his placement of the
0ndatra idahoensis from the Grandview Local
Fauna in the Yarmouth appears to be in error.
The stage of evolution would indicate that an
Early Kansan age is much more likely; and
this would fit 0. idahoensis into the chronocline
for size and height of dentine tracts.
Prairie dogs (Cynomys) do not become numerous until about the Middle Pleistocene, and
they show a chronocline for increasing size
which is not as rapid but is otherwise comparable to that found in the muskrats.
Increase in size is also a dominant characteristic for one lineage of extinct beavers. Dipoides
cf. stirtoni of the Kimballian fauna is ancestral
to Procastoroides sweeti of the Early Pleistocene Broadwater Fauna which in turn gave rise

188
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to Castoroides nebrascensis of the Middle
Pleistocene (Fig. 3). Some of the specimens of
Procastoroides from the Broadwater Local
Fauna show very faint enamel ridges on the
incisors. This character should not be used to
exclude Procastoroides as an ancestor of any
of the several giant beavers as was suggested
by Woodburne (1961 ). Shotwell (1970) has described a new species, Procastoroides idahoensis, which has distinct grooving on the incisors. This species is from the Grandview Local
Fauna of Idaho and is late Blancan in age

C.

b.

~

a.

Fig. 3-Crown views of the lower teeth (P.-M,) of:
a. Dipoides cf. stirtoni, U.N.S.M. example, from the
Kimball Formation (uppermost Pliocene), U.N.S.M. Coll.
Loe. Ft.-40, Frontier County, Nebraska; b. Procastoroides sweeti, holotype, U.N.S.M. 2536, from the Early
Pleistocene Broadwater Local Fauna, U.N.S.M. Coll.
Loe. Mo-6, Morrill County, Nebraska. (After Barbour
and Schultz, 1937, Fig. 3); c. Castoroides nebrascensis,
holotype, U.N.S.M. 2538, from the Middle Pleistocene,
Saline County, Nebraska. X 1.

(younger than the Broadwater Local Fauna). A
similar fauna from Hooker County Nebraska
from late Blancan sediments also yielded remains of a beaver comparable to Procastoroides
idahoensis. A few other Pleistocene rodents
have been studied in terms of phylogenetic
lineages. Klingener (1963) has discussed the
evolution of Pleistocene jumping mice, Zapus,
and demonstrated chronoclines for various morphological features in this group.
Very little detailed work has been published
regarding phylogenetic trends in Pleistocene
carnivores. A recent publication by Schultz and
Martin (1970, p. 33) documents the presence of

Megantereon in North America. The Megantereon-Smi/odon lineage from the Early Pleistocene (Broadwater Local Fauna) through Late
Wisconsinan (Rancho La Brea) is also documented. Megantereon hesperus of the Broadwater Local Fauna (Schultz and Martin, 1970,
p. 34) is a small species slightly larger than a
lynx. This species gave rise to the larger Megantereon gracilis, which in turn gave rise to the
larger Smilodon fatalis and the still larger Smilodon californicus of the Late Pleistocene. In the
same series the dependent flange on the ramus
is reduced until it is nearly lost, and the P3
gradually becomes smaller. The P3 also evolves
from a 2-rooted tooth to one having a single
root. The end result is that P3 is absent in most
specimens of Smilodon californicus.
Megantereon migrated to North America during the Early Pleistocene and at least partially
filled the niche left vacant by the extinction of
the Barbourofelini at the end of the Pliocene.
The Pliocene saber-toothed felid Machairodus
did not become extinct at the end of that epoch
but probably is the ancestral form for /schyrosmilus. /schyrosmilus appears to be a parallel
development to Homotherium (of the fossil felids
of Europe). The main characters which are
involved are the development of dependent
flanges on the lower jaws and the reduction of
P3 to a single-rooted tooth.
Fossil coyotes recovered from the Blancan
deposits of North America differ slightly from
the living Canis latrans. The Blancan coyote,
however, is smaller in size. Badgers (Taxidea)
are also known from the Early Pleistocene but
seem to have evolved so little that they usually
are identified as the living species, Taxidea
taxus.
The decrease in size of the bison from Middle
to Late Quaternary times has been documented
by Schultz and Frankforter (1946, Fig. 4) and by
Flerov and Zablotzi (1961). The stratigraphic distribution of the bison in the Central Great Plains
is shown in Fig. 4. The larger bison are rare
components of the known Middle Pleistocene
faunas and Bison remains do not become common in Quaternary deposits until about 10,000
years B.P.
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Fig. 4-Sequence of Pleistocene and Holocene terraces and terrace-fills as developed in the Central Great Plains. The stratigraphic distribution of loesses
and soils (including paleosols) is shown in relation to the distribution of chief mammalian faunal zones, including the occurrences of bison and mammoths. The fills of terraces 0 and 1 contain the remains of Bison bison, with the largest examples found in the base of Terrace-1 fill. Base of Terrace-0
fill dates back more than 1000 years from the present (dendrochronology and radiocarbon dates). Base of Terrace-1 fill dates back to some 3500 years
ago (Libby date for base Soil Y complex, 3100 ± 400). The fills of the Terrace-2 complex contain the remains of B. antiquus, with the largest examples
found in the base of Fill B. The base of Terrace-2, Fill A, dates back more than 10,000 years (Libby dates for upper part of Soil VY, 10493 ± 1500,
9880 ± 670, etc.). The estimate for the age of the base of Fill B of the Terrace-2 complex is 12,000 to 14,000 BP. The latest occurrences of mammoth
remains are found associated with Paleosol X in the base of Terrace-2, Fill B, thus suggesting that the mammoths became extinct some 12 to 15
thousand years ago in the Central Great Plains. No mammoth remains have ever been recorded from Paleosol VY or in the deposits above it, or from
the Brady Paleosol (see discussion of the Brady Paleosol in the present paper). The Brady Paleosol has been correlated with both Paleosol X and
Paleosol VY, but no definite correlation is attempted in this paper. Paleosol VY, however, is here considered to be early Holocene in age.
Terrace-3 fill has yielded only fragmentary evidence of bison thus far. B. antiquus barbouri remains are associated chiefly with the Sangamon
Paleosol complex and the Gilman Canyon Formation in the upper part of the Terrace-4 fill, with most of the evidence, including the holotype,
coming from above the Sangamon Paleosol. The holotype of B. antiquus barbouri is estimated to be some 65,000 to 80,000 years old (Early Wisconsinan). Bison al/eni skulls are recorded from deposits in the Terrace-4 fill, which are Early lllinoian in age; and B. latifrons remains are found in the
Sappa and Grand Island formations, which are Yarmouthian and perhaps as early as Late Kansan in age. No bison nor mammoth remains have
been identified from deposits older than the base of the Terrace-4 fill (or its equivalent), which would indicate that the migration of these animals
from Asia took place during Late Kansan or early Yarmouthian. (Terrace sequence modified from Schultz and Stout, 1945, 1948; Schultz, Lueninghoener, and Frankforter, 1951, Fig. Ba; Schultz, 1968, fig. 8-5; and Schultz and Martin, 1970.)
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The remains of Bison antiquus are found in
both paleosols X and YY at the bases of fills A
and B of Terrace-2 (see Fig. 4). The exact age
and correlation of the Brady Paleosol is not
considered in the present paper. The Brady
Paleosol was first named and described by
Schultz and Stout (1945, 1948) and was considered as "Soil X" and equivalent to the Two
Creeks interval. This concept was followed by
Schultz, Lueninghoener, and Frankforter (1951),
and Schultz (1965); but Schultz and Martin
(1970) considered the Brady Paleosol equal to
Paleosol YY at the base of Terrace-2, Fill A,
rather than to Paleosol X at the base of Terrace-2, Fill B. This change in correlation was
based on evidence from a radiocarbon date
(sample W-234) of 9160 ± 250 years and a second date (sample W-1767) of 9750 ± 300, both
based on organic carbon samples from the
Brady Paleosol at the type locality (see Rubin,
1960, Rubin and Suess, 1956, and Ruhe, 1965,
1970, for radiocarbon dates and discussion of
the Brady Paleosol, and also for possible evidence of contamination of samples, which may
be providing dates that are too recent). The
dates agree well with the radiocarbon dates of
Paleosol YY in the base of the Terrace-2, Fill A
(see legend of Fig. 4 for radiocarbon dates). In
the present paper, however, we do not attempt
to correlate the Brady Soil with either of the
paleosols X or YY in the two Terrace-2 fills.
No mammoth remains have ever been recorded from the typical Brady Paleosol in its
upland phase, and none have been found in
Paleosol YY at the base of Terrace-2, Fill A.
We consider Paleosol YY as early Holocene in
age. Paleosol X, however, has produced mammoth remains at several localities in Nebraska
in the base of Terrace-2, Fill B, and we consider the age of this paleosol to be very late
Pleistocene (12,000 to 14,000 years B.P.). It
should be pointed out, however, that the type
locality of the Brady Paleosol represents an
upland phase of soil development, while both
paleosols X and YY in the bases of fills A and B
of Terrace-2, where fossils have been found,
were developed on flood plains. Fossil bones
of any kind are usually rare in the Brady

Paleosol (upland phase).
Ruhe (1970, p. 46) suggests that "a special
effort should be made to finitely date the Brady
Soil so that its proper placement in the Late
Pleistocene or Recent [Holocene] can be made.
Such dating is of particular importance in determining the time sequence of environmental
changes."
Despite persistent reports of Late Pleistocene records of Bison latifrons and B. a/Jeni we
have been unable to find any that seem to be
younger than lllinoian. Most of the reports
assigning Late Pleistocene and Holocene ages
to these species are based on misidentifications or on stratigraphic evidence which is at
best unclear. The skeletons of the larger bison
are not well known and this too has contributed
to the confusion. For instance, the skeletal elements of Bison from Rancho La Brea recently
referred to B. latifrons (by Miller, 1968) are not
much larger than comparable elements of
Bison antiquus taylori from the Lipscomb Bison
Quarry (Fig. 5). These latter bison remains were
associated with more than thirty Folsom artifacts
which are considered to be approximately 9,600
years old. The population of B. antiquus, which
Miller had available for comparison from
Rancho La Brea, seems to consist of relatively
small individuals. The material referred to Bison
Jatifrons is also smaller than comparable material belonging to B. a/Jeni from the Bartek
Local Fauna of lllinoian age (Kreycik, 1969).
Bone associated with the Rancho La Brea
material has yielded a radiocarbon date of
28000 ± B.P. (Miller, 1968), which places it at
relatively the same age as material referred to
B. antiquus barbouri, a subspecies which is
somewhat larger than B. antiquus tay/ori. It does
seem possible that the Rancho La Brea "B. latifrons" could be referred to a similar large subspecies of B. antiquus.
The holotypes of Bison antiquus and 8. Jatifrons were both discovered in Boone County,
Kentucky, but the fossilized remains of these
two forms have never been found associated
with each other. Unfortunately the three species,
B. Jatifrons, B. antiquus, and B. bison, have been
reported by various writers as having been
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associated in the same deposits at Big Bone
Lick in Boone County, Kentucky, but this has
never been demonstrated. Staff members from
the University of Nebraska State Museum and
Department of Geology cooperated with scientists from the United States Geological Survey
and various Kentucky institutions in an extensive five-year excavation-stratigraphic-mapping
program at Big Bone Lick (Schultz, Tanner,
Whitmore, Ray, and Crawford, 1963, 1967). No
evidence of Bison latifrons was found at Big
Bone Lick, nor in any late Pleistocene or Holocene deposits of the area. The holotype of
B. antiquus was found at Big Bone Lick but the
holotype of B. latifrons was collected "in the bed
of a creek falling into the Ohio River, a dozen
or more miles north of Bigbone-lick, Kentucky"
(Leidy, 1869).
The holotype of B. antiquus barbouri, U.N.S.M.
30310, is part of the "Citellus Zone" fauna which
occurs in the Gilman Canyon Formation of Reed
and Dreeszen (1965, p. 42). A radiocarbon date
taken from near the base of the Gilman Canyon
Formation at its type section was 32,300 ± 1,600
years B.P. (Dreeszen, 1970). Until skeletal elements associated with skulls are described for
the larger bison species, we will be unable to
judge the taxonomic usefulness of these elements. It may be that changes in body size were
proportionally small when compared to changes
in skull and horn core size. The axis (U.N.S.M.
33143) from the Bartek Local Fauna does indicate that the cervical vertebrae were proportionally shorter and more massive in the largehorned bison than they were in the later forms
(Fig. 5). Considering the weight of the skull and
huge horns in B. alleni and B. latifrons this
shortening is not to be unexpected. The North
American bison underwent a very marked decrease in size during the very late Pleistocene
and most of the Holocene, which affected not
only the horn cores but the size of the body and
hence the skeletal elements as well. Chronoclines documenting these changes have been
demonstrated for a number of skeletal elements
of very late Pleistocene Bison by Hillerud (1970).
It would seem from this study that even skeletal
elements, if represented by large samples, may
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be useful stratigraphic indicators for the last
12,000 years.
Studies of mammoth tooth enamel thickness
indicates that this is a useful stratigraphic parameter when treated statistically (Aguirre, 1969;
Schultz and Martin, 1970b). There is a definite
chronocline for decrease in tooth enamel thickness in Mammuthus (Archidiskodon) imperator
from Middle to Late Pleistocene times (Fig. 6, C).
This was especially evident when comparing
three populations whose stratigraphic positions
relative to one another were clear. These populations are from U.N.S.M. Coll. Loe. Sh-3 of
Late Yarmouth or Early lllinoian age (Schultz
and Tanner, 1957), U.N.S.M. Coll. Localities
Cr-10, Cr-11, and Cr-102 which make up the
Mullen Local Fauna of lllinoian age and the
"Citellus Zone" fauna of Early Wisconsinan age.
All three populations (Fig. 6, C) are represented
by several individuals of almost all age groups.
However it must be emphasized that our work
thus far is of a preliminary nature, and larger
samples as well as more sophisticated analyses
will be required before we can fully understand
this particular phase of elephant evolution.
Care must be exercised in measuring tooth
enamel of mammoths. Each tooth shows a wide
range of thicknesses, and even a single plate
will show some variation. We measure the thickness of the enamel on both the anterior and
the posterior side of each plate in the tooth,
thus yielding a large number of measurements
for each tooth. George Jakway (1962) studied
a successional series of mammoth teeth from
U.N.S.M. Coll. Localities Cr-10, Cr-11, and
Cr-102, Cherry County, Nebraska. These specimens demonstrate a tendency for enamel to
become thicker in each later stage in the successional tooth series (Fig. 6, A-B), and this is
a potent source of error when incomplete teeth
or fragments of plates are utilized. Although a
single tooth may show a wide range of variation,
the variation in thickness shown by single
demes for each tooth is not excessive. We feel
that the relatively high variation shown by
Aguirre (1969) for this parameter is at least
partly due to the lumping of material from different localities in order to make a larger sample.
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